Introduction {#Sec1}
============

Aggregation of several values into a single value proves to be useful in many fields, e.g., multicriteria decision making, image processing, deep learning, fuzzy systems etc. Using the Choquet integral \[[@CR3]\] as a mean of aggregation process allows to capture relations between aggregated data through so-called fuzzy measures \[[@CR9]\]. This is the reason of the nowadays interest in generalizations of the Choquet integral, for a recent state-of-art see, e.g., \[[@CR4]\].

In our paper we focus on generalizations of the Choquet integral expressed by means of the so-called Möbius transform, which is also known as Lovász extension formula, see ([2](#Equ2){ref-type=""}) below. Recently, two different approaches occured - in the first one the Lovász extension formula is modified by replacing of the product operator by some suitable binary function *F* and the second one is based on the replacement of the minimum operator by a suitable aggregation function *A*. We study the question, when these two approaches can be used simultaneously and we investigate the functional $\documentclass[12pt]{minimal}
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                \begin{document}$$I^m_{F,A}$$\end{document}$ obtained in this way.

The paper is organized as follows. In the next section, some necessary preliminaries are given. In Sect. [3](#Sec3){ref-type="sec"}, we propose the new functional $\documentclass[12pt]{minimal}
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                \begin{document}$$I^m_{F,A}$$\end{document}$ and exemplify the instances, when the obtained functional is an aggregation function for all capacities and when it is not. Section [4](#Sec4){ref-type="sec"} contains results concerning the binary case. Finally, some concluding remarks are given.

Preliminaries {#Sec2}
=============

In this section we recall some definitions and results which will be used in the sequel. We also fix the notation, mostly according to \[[@CR5]\], wherein more information concerning the theory of aggregation functions can be found.
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We denote the class of all *n*-ary aggregations functions by $\documentclass[12pt]{minimal}
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Definition 2 {#FPar2}
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We denote the class of all capacities on $\documentclass[12pt]{minimal}
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Definition 4 {#FPar4}
------------
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Definition 5 {#FPar5}
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                \begin{document}$$\begin{aligned} {\mathbf { Ch}} _{m}(\mathbf{x})=\int _0^1 \! m(\{i\in N | x_i\ge t\}) \, \mathrm {d}t, \end{aligned}$$\end{document}$$where the integral on the right-hand side is the Riemann integral.

Proposition 1 {#FPar6}
-------------
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Formula ([2](#Equ2){ref-type=""}) is also known as the *Lovász extension* formula \[[@CR8]\].

Now we recall two approaches to generalization of the formula ([2](#Equ2){ref-type=""}). The first one is due to Kolesárová et al. \[[@CR7]\] and is based on replacing the minimum operator in ([2](#Equ2){ref-type=""}) by some other aggregation function in the following way:
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Remark 1 {#FPar7}
--------
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Remark 2 {#FPar8}
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However, there is no full characterization of all functions *F* yielding an aggregation function $\documentclass[12pt]{minimal}
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Double Generalization of the Lovász Extension Formula {#Sec3}
=====================================================
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Lemma 1 {#FPar9}
-------
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Proof {#FPar10}
-----
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Definition 6 {#FPar11}
------------
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Note that, according to Remark [1](#FPar7){ref-type="sec"}, the product operator $\documentclass[12pt]{minimal}
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Example 1 {#FPar12}
---------
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Example 2 {#FPar13}
---------
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Example 3 {#FPar14}
---------
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However, taking a disjunctive aggregation function in rôle of *A*, we obtain$$\documentclass[12pt]{minimal}
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Binary Case {#Sec4}
===========
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Proposition 2 {#FPar15}
-------------
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Proof {#FPar16}
-----

It can easily be checked that conditions (i) ensure boundary conditions $\documentclass[12pt]{minimal}
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